Introduction
============

Fatty acids produced by metabolism in the human body are predominantly stored in adipose tissue in the form of triglycerides ([@b1-etm-0-0-2925]). However, if the rate of fatty acid production overloads the bearing capacity of adipose tissue, it is heterotopically deposited in non-fat tissues and organs, including the liver, pancreas, myocardium and skeletal muscle ([@b2-etm-0-0-2925]). Heterotopic fat deposition is a common phenomenon encountered during the examination of medical images ([@b1-etm-0-0-2925],[@b2-etm-0-0-2925]). Fat deposition in the liver and skeletal muscle may induce insulin resistance and a rise in blood sugar levels, which in turn may lead to type 2 diabetes mellitus (T2DM) ([@b3-etm-0-0-2925]). Obesity, insulin resistance and various other metabolic syndromes are crucially involved in the occurrence and development processes of non-alcoholic fatty liver disease ([@b4-etm-0-0-2925]). In addition, 10--20% of patients with non-alcoholic fatty liver disease develop non-alcoholic steatohepatitis, which may lead to cirrhosis of the liver and liver failure ([@b5-etm-0-0-2925]). The pathological process of pancreatic fat deposition, which resembles hepatic fat deposition, may cause inflammation, resulting in fatty pancreatitis ([@b6-etm-0-0-2925]). Pancreatic fat deposition has previously been associated with fatty liver disease, insulin resistance and metabolic syndromes ([@b7-etm-0-0-2925],[@b8-etm-0-0-2925]). In addition to insulin resistance, an insufficiency in the function of the islet cells may induce lipotoxicity injury, which has also been associated with the occurrence of T2DM ([@b9-etm-0-0-2925]).

Magnetic resonance (MR) chemical shift imaging is a novel method for the quantification of adipose tissue, and has a higher accuracy compared with MR spectroscopy, as it is not affected by the uniformity of the magnetic field ([@b10-etm-0-0-2925]). In addition, in a previous study, MR chemical shift imaging was easy to operate and the results were stable ([@b10-etm-0-0-2925]). The fat content of the pancreas in the normal population has previously been shown to increase with age; however, no significant difference in the distribution of fat between the head, body and tail regions of the pancreas has previously been detected ([@b11-etm-0-0-2925]). To the best of our knowledge, the present study is the first to investigate the association between the content and distribution of fat in the pancreas and liver of patients with T2DM.

Subjects and methods
====================

### Subjects

A total of 70 patients with T2DM, including 54 males and 16 females, were included in the present study. Patient characteristics were as follows: Age range, 16--72 years (average, 40 years); body mass index (BMI) range, 17.36--43.09 kg/m^2^ (average, 26.9 kg/m^2^); fasting blood glucose concentrations, 7.12--22.20 mmol/l (average, 8.78 mmol/l); glycosylated hemoglobin, 6.6--16.1% (average, 10.61%); and glycated albumin, 13.30--66.60% (average, 27.65%). Patients with T2DM were recruited in the present study if they were newly diagnosed (\<6 months) and had not previously undergone hypoglycemic lipid-lowering therapy. Exclusion criteria for patients with T2DM were as follows: i) The patient exhibited cardiac, liver or renal insufficiency; ii) the patient was experiencing diabetic ketoacidosis, a hyperosmolar hyperglycemic state, infection, diabetes or other acute complications; iii) pregnant and lactating women; iv) the patient was not willing to cooperate or was psychotic; and; v) the patient refused to undergo the MR examination. Cardiac insufficiency was assessed by a cardiac expert according to the ejection fraction, liver insufficiency was assessed by an expert in the Gastroenterology Department according to the level of a liver-specific enzyme, and renal insufficiency was assessed by a renal medicine specialist according to the blood levels of urea and creatinine. A total of 17 males and 14 females were included in the normal control group. Individuals were included in the normal control group if they exhibited normal blood glucose and lipid concentrations. The characteristics of the healthy volunteers were as follows: Age range, 24--59 years (average, 42.7 years); BMI, 20.81--33.58 kg/m^2^ (average, 25.5 kg/m^2^); and fasting blood glucose concentrations, 4.21--6.13 mmol/l (average, 5.11 mmol/l). The present study was conducted in accordance with the declaration of Helsinki, and with approval from the Ethics Committee of Beijing Friendship Hospital (Beijing, China). Written informed consent was obtained from all participants.

### Inspection method

The present study used the GE Signa Excite 3.0T scanning system (GE Medical Systems, Inc., Waukesha, WI, USA) with the 8-channel phase array coil to perform cross-sectional dual-echo chemical shift imaging. The parameters were set as follows: Repetition time =224 msec; in-phase echo time =2.4 msec; out-of-phase echo time =5.8 msec; flip angle =80°; echo chain length =17; number of excitations =2; slice thickness =5 mm; and matrix size =288×192 cm. The scanning field was set according to the size of the inspected person.

### Data processing

After in-phase and out-of-phase images of the liver and pancreas were captured, they were transferred to the ADW4.2 workstation (GE Healthcare Bio-Sciences, Pittsburgh, PA, USA) for processing. The operator calculated the fat content of the liver and pancreas by determining the signal intensity of the in-phase (IP) and out of phase (OP) images at identical locations within regions of interest (ROI). The maximum intensity levels within the head, body and tail regions of the pancreas were selected as ROI. The ROI were 158.46, 154.37 and 156.47 mm^2^ in the head, body and tail pancreatic regions, respectively, and the average was 155.96 mm^2^. The ROI were placed in the center of the measuring point in order to avoid adjacent vessels and abdominal adipose tissue. In order to measure the fat fraction (FF) of the liver, two ROI were measured at the left and right lobes of the liver. The average area of these regions was 608.17 mm^2^, which avoided adjacent large blood vessels and the bile duct. Each ROI was measured three times every 3--5 days and the average was calculated as the final value. The FF of the liver and pancreas was calculated using formula 1: FF=\|Sip-Sop\|/2Sip. In order to correct for the effects of the T1 and T2\* relaxation times on the results, formula 2 was applied, according to the method outlined in a previous study ([@b12-etm-0-0-2925]):
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The terms in formula 2 are defined as follows:
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W and f represent the water and adipose tissue content, respectively. α represents the excitation angle. The T1 relaxation time of the liver and pancreas in the normal tissues and organs were 809 and 725 msec, respectively. The T1 relaxation time of adipose tissue was 382 msec in a previous study ([@b13-etm-0-0-2925]), and the T2\* relaxation time of the pancreas and liver were 41.5 and 28.1 msec, respectively, in a previous study ([@b14-etm-0-0-2925]). The FF value represents the fat signal fraction calculated directly from the measured data, whereas the FFtrue value represents the fat signal fraction following correction for T1 and T2\*.

### Statistical analysis

All data were analyzed using the SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation. The differences in the FF between the pancreatic head, body and tail regions were compared using single factor analysis of variance. The differences between the T2DM and healthy groups were compared using the Independent Samples t-test. The fat contents of the liver and pancreas were compared using linear correlation analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### MR chemical shift imaging quality

The MR chemical shift images clearly distinguished the contour and edges of the pancreas. The pancreatic signal intensity was uniform. With the exception of one case of absent pancreatic body and tail regions, and one case of an absent pancreatic tail, 297 ROI regions were successfully imaged. The IP/OP MR chemical shift images of the ROI were placed according to the sample ([Fig. 1](#f1-etm-0-0-2925){ref-type="fig"}).

### Fat content analysis

The fat contents of the pancreatic head, body and tail regions of the T2DM group were 5.59±4.70, 4.80±3.75 and 4.89±3.86%, respectively (average, 5.19±3.75%). The average FFtrue of the liver was 9.87±3.19%. Conversely, the fat contents of the pancreatic head, body and tail regions in the normal control group were 3.89±2.47, 3.30±2.11 and 3.23±2.23%, respectively (average, 3.47±2.00%). Furthermore, the average FFtrue of the liver was 7.24±2.38% ([Table I](#tI-etm-0-0-2925){ref-type="table"}). There were no significant differences between the fat contents of the head, body and tail pancreatic regions in patients with T2DM (F=1.761; P\>0.05); however, the average fat content of the pancreas in the T2DM group was significantly higher, as compared with that in the normal control group (F=3.597; P\<0.05; [Table I](#tI-etm-0-0-2925){ref-type="table"} and [Fig. 2](#f2-etm-0-0-2925){ref-type="fig"}). The correlation coefficient of the fat contents of the liver and pancreas in the T2DM group and the control group were *r*=0.057 and *r*=0.337, respectively (P\>0.05; [Fig. 3](#f3-etm-0-0-2925){ref-type="fig"}).

Discussion
==========

Pancreatic fat deposition is frequently identified during an abdominal computed tomography scan or MR imaging (MRI) examination ([@b6-etm-0-0-2925]). Heterotopic pancreatic fat deposition has previously been associated with obesity, insulin resistance and age ([@b9-etm-0-0-2925],[@b15-etm-0-0-2925]). The distribution of pancreatic fat deposition may be uneven; however if it is confined to a region it is referred to as focal pancreatic fat deposition, and this typically occurs within the pancreatic tail and the anterior pancreatic head ([@b16-etm-0-0-2925],[@b17-etm-0-0-2925]). In a previous study, fat was shown to be widely distributed in the pancreas, and the distribution within each part of pancreas was uniform ([@b11-etm-0-0-2925]). The present study demonstrated that the distribution of pancreatic fat in the head, body and tail pancreatic regions of the T2DM and normal control groups were uniform. The fat content of the pancreatic head in the T2DM group was markedly higher (5.59±4.70%), as compared with the pancreatic body (4.80±3.75%) and tail (4.89±3.86%); however, there was no statistically significant difference between the three regions. These results are consistent with a previous study, in which MR chemical shift imaging was used to measure the fat content of the pancreatic head, body and tail regions in a healthy adult male ([@b11-etm-0-0-2925]); the authors concluded that there was no significant difference between the distribution of heterotopic fat deposition in the three regions.

In previous studies, pancreatic pimelosis was associated with obesity, type 2 diabetes and chronic pancreatitis ([@b8-etm-0-0-2925],[@b18-etm-0-0-2925]). Furthermore, the fat content of the pancreas was shown to be negatively correlated with insulin secretion in patients with impaired glucose tolerance or impaired fasting glucose ([@b19-etm-0-0-2925]); thus suggesting that pancreatic fat deposition may be a factor that leads to Islet β cell dysfunction, as is consistent with the present study. In the present study, the average fat content of the pancreas in patients newly diagnosed with T2DM was 5.19±3.75%, which was significantly higher, as compared with the healthy population (3.47±2.00%). Li *et al* ([@b11-etm-0-0-2925]) reported that the average fat content of the pancreas from a healthy male with a BMI of 18--25 kg/m^2^ was 3.03±0.59%.

Tushuizen *et al* ([@b20-etm-0-0-2925]) investigated the association between the fat content of the liver and that of the pancreas in patients with T2DM and non-diabetes using MR spectroscopy, and were unable to detect a correlation between liver and pancreatic fat deposition. Similarly, Schwenzer *et al* ([@b12-etm-0-0-2925]) analyzed the association between the fat content of the liver and that of the pancreas in patients with high-risk T2DM using MRI, antiphase chemical shift imaging, and the fat selection frequency saturation method. They demonstrated that there was no significant correlation between the fat content of the liver and that of the pancreas, which is consistent with the results of the present study. However, these previous studies included various limitations, including small sample sizes and a lack of information regarding patient medical histories. Conversely, the present study selected patients that were newly diagnosed with type 2 diabetes (\<6 months) and had not undergone hypoglycemic lipid-lowering therapy. In addition, a larger sample size was used (70 patients in the T2DM group) and strict inclusion and exclusion criteria were applied. Therefore, the present study may state with more confidence that there was no correlation between the fat content of the liver and that of the pancreas.

The correlation between the fat content of the liver and that of the pancreas was previously investigated by van Geenen *et al* ([@b21-etm-0-0-2925]) using histological methods. Specifically, using the non-alcoholic liver disease histological grading system and the pancreatic fat infiltration grading system as references, they graded the fat content of the liver and pancreatic tissues of 80 autopsy patients. Their results demonstrated that the fat content of the pancreas was associated with that of the liver, and further suggested that the fat content of the liver was associated with that of the pancreatic lobule and overall pancreas, although it was not associated with the pancreatic interlobular fat. However, there were limitations associated with the van Geenen *et al* ([@b21-etm-0-0-2925]) study; a limited number of tissue samples were selected for histopathological examination and the fat infiltration of local tissues may not have necessarily represented the fat content of the organs. Various ROI were selected to determine the fat content by MRI examination, and the average fat content was calculated, which may have better indicated the fat content of the organs; however, MRI examination only detects the fraction of fat within a single voxel, and is unable to distinguish between fat in the pancreatic intralobule and fat in the interlobule ([@b15-etm-0-0-2925]).

The primary limitation of the present study was that there were numerous factors that may have influenced the signal detected in the dual-echo chemical shift MR images. The correction formula was applied in order to reduce the influence of the T1 and T2\* relaxation times; however, heterogeneity and various other factors, including lipid sub-peaks, were unable to be eliminated and may have generated disparity in the perceived and actual fat content of the pancreas and liver, and thus requires further improvement. Future studies should focus on improving the convenience and accuracy of techniques for measuring the fat content of the pancreas and liver in patients with T2DM.

The present study was supported by the Beijing Natural Science Foundation (grant no. 7122048).

![Measurement of the fat content of regions of interest (ROI) in the pancreas. In-phase images of ROI in the (A) pancreatic head and (B) pancreatic body and tail regions. Out of phase images of ROI in the (C) pancreatic head and (D) pancreatic body and tail regions. The same size of ROI was placed in the same position of pancreatic head. The same size of ROI was placed in the same position of interest.](etm-11-02-0476-g02){#f1-etm-0-0-2925}

![Average fat fraction in the pancreatic head, body and tail regions, and in the liver, of the type 2 diabetes and healthy control groups. P, pancreas; H, hepatic.](etm-11-02-0476-g03){#f2-etm-0-0-2925}

![Correlation between the fat content of the pancreas and that of the liver in the (A) type 2 diabetes mellitus and (B) normal control groups. FFtrue, fat fraction following correction for the T1 and T2\* relaxation times.](etm-11-02-0476-g04){#f3-etm-0-0-2925}

###### 

Characteristics of the type 2 diabetes and normal control groups.

  Items             Type 2 diabetes group   Normal control group   P-value
  ----------------- ----------------------- ---------------------- ---------
  Age               43.99±1.32              42.65±9.7              0.615
  Body mass index   26.89±4.56              25.45±2.8              0.156
  Blood sugar         8.78±2.99               5.10±0.57            0.000
  FFtrue                                                           
    Pancreas head     5.59±4.70               3.89±2.47            0.004
    Pancreas body     4.80±3.75               3.30±2.11            0.012
    Pancreas tail     4.89±3.86               3.23±2.23            0.009
  Average FFtrue                                                   
    Pancreas          5.19±3.75               3.47±2.00            0.004
    Liver             9.87±3.19               7.24±2.38            0.000

FFtrue, fat fraction following correction for the T1 and T2\* relaxation times.
